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NOTATION 

Projected  area  of  planing  surface,  exluding  area  of 
external  spray  strips 

Maximum  breadth  over  chines,  exluding  external 
spray  strips 

Propeller  diameter 

Volume  Froude  number  V/ 

Acceleration  of  gravity 
Advance  coefficient,  V/nD 
Torque  coefficient 
Thrust  coefficient 
Longitudinal  center  of  gravity 
Overall  length 
Projected  length  of  chine 
Propeller  rotational  speed 
Propulsive  coefficeint n,,xn„xn 
Shaft  Power 
Total  resistance 

Appendaged  hull  resistance:  X = P for  parent  hull 

X = T for  tunnel  hull 

Bare  hull  resistance:  X = P for  parent  hull 

X = T for  tunnel  hull 

Resistance  coefficient 
Shaft  horsepower 

Thrust  deduction  fraction  1-(R„/T) 

T 

Thrust 

Speed 
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Taylor  wake  fraction  determined  from  torque  identity 
Taylor  wake  fraction  determined  from  thrust  identity 
Displacement  volume 
Displacement  weight 

Ratio  of  bare  parent  hull  resistance  to  resistance 
with  appendages  of  hull  being  considered 

Ratio  of  bare  to  appendaged  hull  resistance  for  the  same 
hull  configuration 

Ratio  of  bare  parent  hull  resistance  to 
resistance  of  bare  hull  in  question 

Ratio  of  appendaged  parent  hull  resistance  to 
resistance  of  appendaged  hull  in  question 

Hull  efficiency  (l-tV(i-w^) 

Open  water  propeller  efficiency 

Relative  rotative  efficiency 
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5048  fitted  with  tunnels  equal  in  depth  to  basic  propeller  diameter. 
The  relative  merits  of  seven  combinations  of  LCG  position,  propeller 
diameter  and  trim  tabs  are  discussed.  A forward  LCG  position  offers 
the  best  combination  of  draft  and  shaft  power.  Comparisons  are  also 
made  with  the  same  hull  without  tunnels  and  with  two  sets  of  shallow 
tunnels.  The  100  percent  tunnel  is  inferior  to  both  shallower 
tunnels  in  draft  and  power  requirements,  but  it  pives  superior  pro- 
peller protection  for  beaching  operations.  The  65%  tunnel  requires 
the  least  draft  and  gives  good  propeller  protection,  but  it  requires 
more  power  than  the  40%  tunnel. 

ADMINISTRATIVE  INFORMATION 

This  report  was  authorized  and  funded  by  the  Naval  Inshore 
Warfare  Craft  Office  (Code  IHI  of  the  Systems  Development 
Department,  David  W.  Taylor  Naval  Ship  RfiD  Center,  which  provides 
Technical  Management  for  the  Naval  Inshore  Warfare  Craft  Program, 
SSW-02  (previously  the  Special  Warfare  Craft  Program,  S58-20X) . The 
Principal  Development  Activity  is  the  Naval  Sea  Systems  Command  with 
program  management  in  the  Advanced  Technology  Systems  Division  (SEA 
03221).  Program  funding  is  under  element  6.3586  N.  This  specific 
task  was  funded  under  center  work  unit  1-1140-606. 
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UNITS 


U.S.  customary  units  were  used  for  the  original  measurements 
and  calculations.  SI  (Metric)  equivalents  of  US  units  are  given 
where  they  first  occur  in  the  text  and  elsewhere  if  required  for 
clarity,  U.S.  units  are  used  alone  when  their  SI  equivalents  have 
previously  been  given  and  where  the  unit  performs  an  adjectival 
function,  as  in  "6  inch  propeller".  This  usage  has  been  adopted  to 
facilitate  cross-referencing  between  this  and  previous  reports  in 
the  tunnel-hull  series. 

The  appended  data  tables,  prepared  before  the  adoption  of  SI 
units,  have  not  been  revised  to  incorporate  SI  equivalents  due  to 
time  and  cost  constraints. 


INTRODUCTION  , 


Minimum  navigational  draft  is  a prime  requirement  for  small 
high  performance  craft  intended  for  use  in  shallow  water. 


Conventional  designs  have  propellers  and  appendages  which  project 
below  the  baseline,  and  the  usual  approach  in  reducing  draft  is  to 
reduce  propeller  diameter  or  adopt  waterjet  propulsion,  techniques 
which  are  not  necessarily  beneficial  in  terms  of  propulsive 
efficiency. 

An  alternative  approach  is  to  house  the  propellers  and 
appendages  in  so-called  tunnels,  or  troughs  in  the  hull  bottom.  By 
thus  raising  the  propellers  relative  to  the  baseline,  the  draft  can 
be  reduced  while  retaining  the  same  propeller  diameter.  Propeller 
efficiency  may  even  be  beneficially  affected  by  the  partial 
shrouding  effect  of  the  tunnel  wall.  On  the  other  hand,  the  loss  of 
planing  surface  and  changes  in  pressure  distribution  on  the  bottom 
may  adversely  affect  the  running  trim,  draft  and  resistance. 

The  general  characteristics  of  shallow  tunnel  hull  craft  were 
explored  by  Harbaugh  and  Blount^  in  an  experiment  in  which  Naval 
Ship  Research  and  Development  Center  Model  5048  was  equipped  with 
two  sets  of  tunnels,  accommodated  within  the  original  hull  lines. 
Propellers  of  6.00  inch  fO.152  metre")  and  5.25  inch  (0.153  metre") 
diameter  were  employed.  The  tunnels  were  6.062  inches  (0.1540 
metres)  wide  and  had  depths  of  40  and  65  percent  of  the  larger 
propeller  diameter.  Resistance  and  self-propulsion  runs  were 
conducted  at  Langley  Field,  V'irginia. 


The  current  experiment  was  more  specifically  intended  to 
examine  the  potential  of  deeper  tunnels  as  a means  of  providing 
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increased  propeller  protection,  especially  for  beaching  operations. 

For  this  application  overall  efficiency  is  a secondary 
consideration  and  waterjets  are  often  employed  because  of  their 
comparative  immunity  to  damage.  It  was  hoped  in  this  experiment  to 
obtain  similar  immunity  for  propellers  in  deep  tunnels  while 
retaining  the  efficiency  advantage  of  propellers  over  waterjets. 

Pavid  W.  Taylor  Naval  Ship  Rf.D  Center  Model  5048  was  fitted 
with  a set  of  100  percent  deep  tunnels  and  resistance  and 
self-propulsion  runs  were  conducted  at  Langley  Field,  for  similar 
conditions  of  displacement  and  static  trim  to  the  earlier  tests.  Two 
other  static  trim  conditions  were  also  investigated,  and  in  addition 
trim  tabs  set  to  5°  and  10°  were  fitted  to  the  stem  for  an 

abbreviated  series  of  runs.  The  same  two  sets  of  propellers  used 

previously  were  again  employed. 

This  report  is  in  two  parts.  The  first  presents  the  results  of 
the  100  percent  tunnel  hull  experiments  while  the  second  compares 
the  results  of  the  current  work  with  the  previous  parent  and  tunnel 
hull  test  results.  Because  a large  number  of  hull  configurations 
are  discussed,  particular  care  should  be  taken  to  distinguish 
between  them.  Tn  this  report,  "parent  hull"  refers  to  the  original 
model  .5048  without  tunnels.  Tunnel  hull  forms  are  identified  by  the 

depth  of  the  tunnels  f40,65  or  lOO’o')  . The  100  percent  tunnel  hull 

is  further  described  in  accordance  with  its  LCf.  and  trim  tab 
configuration  as  outlined  in  Appendix  1.  Any  of  these  hull  forms  is 

I 

u 


4 


also  described  as  "bare"  or  "appendaged"  depending  on  whether  the 
normal  appendages  (rudder,  propeller  shafts  and  struts)  were 
present.  Finally,  most  of  the  tunnel  hull  configurations  were 
tested  with  two  sets  of  propellers. 


MODEL  DESCRIPTION  AND  EXPERIMENTAL  PROCEDURES 

Model  5048  had  been  selected  by  Harbaugh  and  Blount  as  the 
parent  hull  from  hydrodynamic  and  design  considerations.  The  model 
specifications  are  given  in  Table  1.  The  model  was  modified  to 
accept  two  fiberglass  tunnels,  details  of  which  are  shown  in  Figure 
1.  The  upper  curved  boundaries  were  formed  by  sections  of  two  6.062 
inch  (0.1540  metre)  diameter  cylinders  intersecting  at  12  degrees, 
and  the  side  walls  were  flat  vertical  sections  parallel  to  the 
center  line.  Appendages  comprised  twin  rudders  (mounted  in  the 
tunnels),  propeller  shafts  and  struts. 


TABLE  1 - Specifications  for  Model  5048 


LOA 


Projected  area  per  rudder 

Deadrise  (afterbody  constant) 

Shaft  angles  (with  respect  to 
baseline,  for  100%  tunnels) 


10.125  ft 

3.084  m 

9.75  ft 

2.972  m 

2.62  ft 

0.798  m 

"> 

2 

20.65  ft‘ 

1.918  m 

0.078  ft^ 

0.00725  m 

8.5  degrees 
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1.17  degrees 


Trim  tabs  were  fitted  to  the  transom  for  some  runs,  and  details 
of  their  location  and  dimensions  are  given  in  Figure  2.  Stem  views 
of  the  hull  with  6.00  inch  diameter  propellers,  appendages  and  trim 


tabs  in  place  are  given  in  Figure  3. 

The  propellers  were  left-  and  right-handed  pairs,  having 
diameters  of  6.00  and  5.25  inches  CO. 152  and  0.133  metres)  and 
nominal  tip  clearances  of  0%  and  7.11  of  their  diameters.  Mean 
values  of  the  open  water  characteristics  of  each  pair  of  propellers 
are  given  in  Figure  4. 

The  model  was  ballasted  to  a displacement  of  340.5  lb  (154.6 
kg)  for  all  njns.  It  was  towed  in  the  thrust  line  and  for 
propulsion  tests  it  was  powered  as  closely  as  possible  to  the 
self-propulsion  point.  Five  different  configurations  were  tested  as 
described  in  Appendix  1.  Configuration  1 fLCC=39.8*o  forward  of 
the  transom)  corresponds  to  the  configuration  employed  in  previous 
experiments . 


EXPFRIMFNTAL  RESULTS  FOR  100  PERCENT  TUNNEL  HULL 

The  hull  characteristics  for  the  five  configurations  tested  are 
presented  in  Figures  5 through  9.  The  data  have  been 
non-dimensionalized  (except  for  trim  angle)  for  ease  of  comparison 
with  previous  tests,  which  were  conducted  at  a slightly  higher 
displacement  (345  lb,  157  kg).  The  draft  figures  refer  to  draft  of 
the  baseline  at  station  10.  Resistance  values  have  been  corrected 
to  fresh  water  at  59®F  (15"C) , and  only  the  horizontal  component  of 
towing  force  is  reported. 
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Fif^re  10  presents  the  appendage  drag  factor  n for 

B 

configurations  1,  2 and  3.  Care  should  be  taken  to  distinguish 

between  n (the  ratio  of  bare  to  appendaged  hull  resistance  for  the 
B 

same  hull  form)  and  n.  (the  ratio  of  the  resistance  of  the  bare 
1 A 

j parent  hull  to  the  resistance  of  the  appendaged  tunnel  or  parent 

hull).  Confusion  can  lead  to  serious  misinterpretation  of  the  data. 
Addendum  1 discusses  this  subject  at  length  and  should  be  referred 
to. 

Propulsive  characteristics  (1-W  , 1-W  , 1-t,  and  n ) for 

1 V ) K 

configurations  1,  2,  3,  4,  and  5 are  shown  in  Figures  11  to  14.  The 
computation  of  these  coefficients  was  done  using  a computer  program 
available  at  DTSNRDC  which  corrected  the  data  to  the  self-propulsion 
I point.  Sample  data  from  the  earlier  tests  were  also  re-analyzed 

using  this  program  and  identical  results  to  those  reported  earlier 
were  obtained.  The  data  were  cross- faired  using  another  standard 
DTNSRDC  computer  program  to  avoid  anomalies  arising  from  visual 
fairing  of  individual  curves. 

Data  taken  during  the  experiment  are  tabulated  in  Appendix  2. 
These  data  correspond  to  Langley  water  conditions,  which  are  as 

I given  in  the  tables.  Data  which  were  obviously  defective  have  been 

omitted,  which  accounts  for  missing  run  numbers. 

I Propulsive  coefficients  calculated  from  the  Langley  data  (but 

!,  not  cross-faired)  are  presented  in  Appendix  3. 

tj 

I’  Trim,  draft  and  propulsive  coefficients  for  the  basic  condition 

with  6 inch  propellers  have  not  been  plotted  because  their  abnormal 
values  and  scatter  indicate  that  the  measurements  are  erroneous. 
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These  measurements  were  the  first  to  be  taken  during  self-propulsion 
tests  and  problems  with  test  techniques  were  encountered. 

DISCUSSION  OF  100  PERCENT  TUNNEL  HULL  RESULTS 

The  general  trends  exhibited  in  trim,  draft  and  resistance  are 
consistent  with  the  configuration  changes  represented  in 
Figures  5 through  7,  Rearward  movement  of  the  LCC  results  in 
increased  running  trim  and  reduction  in  the  volume  Froude  number  at 
which  peak  trim  occurs.  It  also  results  in  greater  maximum  draft, 
although  the  peak  remains  at  F = l.S.  A secondary  hump  occurs  in 
the  draft  curves,  roughly  coincident  with  the  point  of  maximum  trim 
for  each  configuration.  Both  trim  and  draft  are  somewhat  higher  in 
the  self-propelled  condition  than  when  towed.  A contrast  is  evident 
in  the  comparisons  of  bare  hull  and  appendaged  hull  behaviour,  where 
the  bare  hull  trim  and  draft  are  below,  equal  to  or,  above  the 
appendaged  bull  values  depending  on  the  static  trim.  Despite  this 
the  appendaged  resistance  is  always  higher  then  the  bare  hull 
resistance . 

A feature  not  noted  in  previous  tests  is  the  distinct  trim  and 
draft  characteristics  associated  with  each  set  of  propellers. 
(Previously,  one  set  of  curves  defined  the  trim  and  draft  character- 
istics for  both  propeller  diameters.)  This  may  be  due  to  the 
increased  tunnel  area  acted  on  by  the  propeller  flow  field. 

Comparing  appendaged  resistances,  configuration  1,  with  the 

basic  LCC  position,  has  the  lowest  resistance  up  to  F =4.0. 

"v 


1 

( 

1 

I 
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Configuration  2,  with  the  LCG  moved  forward,  shows  higher  resistance 
over  the  entire  speed  range.  Configuration  3 shows  higher 
resistance  at  intermediate  speeds  but  matches  configuration  1 from 
F *3.0  to  F =4.0  and  is  slightly  better  at  higher  speeds. 

A comparison  of  Figures  5,  8 and  9 shows  that  running  trim  is 
markedly  reduced  by  the  addition  of  5*  transom  flaps.  Changing  to 
10*  flaps  reduces  the  peak  trim  angle  still  further.  Running  draft 
is  also  reduced,  but  less  dramatically,  and  at  F =4.0  it  is 
practically  unchanged  for  both  flap  settings.  Resistance  character- 
istics are  practically  unchanged  up  to  F =2.5,  but  above  that  speed 

"7 

the  resistance  increases  sharply  with  increasing  flap  angle. 

The  appendage  drag  factor  n_  (Figure  10)  changes  somewhat  with 

B 

LCG  position,  with  configuration  1 giving  the  highest  values,  in  the 
order  of  0.97.  The  other  configurations  yield  values  in  excess  of 
0.92  over  the  Froude  number  range  from  2.0  to  4.0  (the  accuracy  of 
the  calculation  becomes  questionable  at  lower  Froude  numbers  because 
of  the  small  numbers  being  ratioed).  These  high  values  probably 
reflect  the  shadowing  effect  produced  by  mounting  the  appendages  in 
deep  tunnels  out  of  the  free  stream  flow. 

The  propulsive  characteristics  are  given  in  Figures  11  through 
14.  They  exhibit  many  of  the  same  features  that  were  seen  in 
earlier  experiments.  For  example,  n is  higher  for  the  propeller 
with  zero  tip  clearance,  (1-t)  is  relatively  unaffected  by  propeller 
diameter,  and  *>re  higher  for  the  smaller  diameter 

propellers.  Reference  (1)  discusses  these  effects  at  length,  so 
they  will  not  he  elaborated  on  here. 
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It  should  be  noted  that  (1-t)  is  computed  as  the  ratio  of  the 


horizontal  component  of  appendaj^ed  resistance  to  the  shaft  line 
thrust,  and  this  is  consistent  with  the  earlier  tunnel  hull  data 
analysis. 

Figures  15  and  16  are  summary  plots  for  each  set  of  propellers, 

from  which  it  can  be  seen  that  both  sets  of  propellers  are  quite 

insensitive  to  changes  in  trim  and  draft  arising  from  shifts  in  the 

LCG  position,  as  evidenced  by  the  similarity  of  the  n , aJid 

R 

(1-W.j,)  curves.  The  introduction  of  trim  tabs  produces  greater 
changes  in  these  coefficients,  apparently  because  the  low  trim 
angles  which  are  obtained  serve  to  mask  the  propellers  to  greater 
degree. 

PERFORMANCE  EVALUATION  OF  TUNNEL  HULL  FORMS 

The  relative  merits  of  the  vailous  tunnel  hull  forms  tested 
during  this  program  are  discussed  In  the  following  sections.  The 
main  text  presents  comparisons  of  overall  draft  and  required  shaft  i 

power,  the  two  most  Important  performance  criteria,  so  that  the 
results  of  using  different  tunnels  can  be  readily  seen.  This  is 
an  appropriate  method  of  presentation  because  all  of  the  models 
were  derived  from  the  same  parent  hull  form. 

An  alternative  method  of  data  presentation  Is  the  one  adopted 
In  Reference  1.  There  the  objective  was  to  formulate  a preliminary 
design  method  for  obtaining  Initial  powering  estimates  for  tunnel 
hulls  derived  from  any  conventional  planing  hull  form.  In  this 
method  the  bare  hull  resistance  of  the  basic  planing  hull  In  question 
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Is  used  In  conjunction  with  an  efficiency  factor  (which  accounts 

’’a'’h'’r 

for  all  the  Interaction  effects  of  the  tunnels  and  propellers 
with  the  parent  hull)  to  obtain  an  estimate  of  shaft  power  from 


R-,  V(  -/■-  ) i 


Values  of  the  efficiency  factor  were  decemined  from  the  40Z  and 
65Z  tunnel  experiments  described  previously. 

Unfortunately,  a data  reduction  error  resulted  in  Incorrect 
values  of  the  efficiency  factor  being  reported  in  Reference  1. 

This  also  led  to  misleading  conclusions  being  drawn  concerning  the 
advantages  of  6SZ  tunnels,  as  a comparison  of  Reference  1 and  this 
report  will  show.  The  opportunity  has  been  taken  in  this  report  to 
correct  these  errors  and  to  add  data  for  100%  tunnels  so  that  the 
usefulness  of  the  design  method  can  be  extended.  These  corrections 
and  supplementary  data  have  been  presented  In  the  form  of  an  addendum 
which  can  readily  be  copied  and  inserted  in  Reference  1. 


is  the  other  measure  of  merit.  As  the  equations  make  clear,  shaft 
power  depends  on  three  separate  factors,  namely  the  bare  or 
appendaged  resistance  of  the  hull  in  question,  the  interaction 
effects  of  the  propeller  and  hull,  and  propeller  open-water 
characteristics.  The  shaft  power  calculation  in  effect  summarizes 
the  results  of  variations  in  these  factors  which  have  already  been 
illustrated  individually.  Therefore,  in  assessing  the  relative 
merits  of  the  seven  combinations  of  propeller  diameters,  LCG's  and 
trim  tabs  under  consideration,  it  is  necessary  to  examine  their 
power  requirements  to  determine  the  net  gains  to  be  achieved  by 
changing  any  of  these  parameters. 

Power  requirements  and  drafts  of  the  seven  configurations  are 
summarized  in  Figures  17  and  18.  Unfortunately,  the  parent 
configuration  with  zero-clearance  propellers  is  not  represented 
because  of  faulty  data,  so  the  comparison  is  incomplete; 
nevertheless  the  trends  exhibited  in  these  figures  reveal  that  this 
configuration  can  be  expected  to  have  slightly  lower  draft  then  the 
same  configuration  with  smaller  propellers,  and  its  shaft  power 
input  is  likely  to  be  about  7 percent  lower,  for  F >3.0. 

The  figures  show  that  the  use  of  10®  trim  tabs  with 
zero-clearance  propellers  gives  minimum  draft  at  hump  and  up  to 
F =3.5;  however,  this  also  requires  the  highest  P expenditure  at 
high  speed.  A better  compromise  is  the  use  of  5°  trim  tabs,  but  the 
best  appears  to  be  the  use  of  a forward  LCG  position,  in  which  case 
the  draft  at  hump  increases  only  slightly  (although  it  decreases 
less  rapidly  with  increasing  speed).  The  latter  option  requires 
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significantly  less  power  and  avoids  mechanical  complexity  and  is 
thus  the  most  desirable  compromise. 

Comparison  With  Previous  Tunnel  Hull  Forms 

The  same  two  measures  of  merit  which  were  employed  in  the 
foregoing  section  can  again  be  used  to  evaluate  the  100%  tunnel  hull 
relative  to  the  parent  and  shallow  tunnel  hull  forms.  Figure  19 
gives  the  shaft  power  requirements  for  the  various  hull-propeller 
combinations,  all  at  I£C  = 39.8%.  The  100%  tunnel  - 6 inch 
propeller  power  requirements  have  been  estimated  from  the  trends 
observed  during  the  current  series  of  tests.  It  can  be  seen  that 
the  power  requirements  become  progressively  greater  as  tunnel  depth 
is  increased,  to  the  extent  that  the  100%  tunnel  - 5.25  inch 
propeller  combination  requires  43%  more  power  than  the  parent  hull 
without  tunnels,  at  F =4.0. 

This  increase  in  required  power  is  due  to  two  factors.  First, 

there  is  a very  marked  increase  in  resistance  associated  with 

tunnels  greater  than  40%  of  propeller  diameter.  Figure  20  gives  the 

percentage  changes  in  resistance  coefficient  for  various  tunnels 

compared  to  the  parent  hull,  both  bare  and  appendaged.  The  100% 

tunnel  hull  has  as  much  as  50%  higher  resistance  for  the  hare  hull 

and  32%  with  appendages.  This  puts  the  deep  tunnel  at  a serious 

disadvantage  when  computing  the  shaft  power  of  the  various  hull 

forms.  The  increased  resistance  can  only  be  offset  by  substantial 

increases  in  propulsive  coefficient  (n..xn„xn  1,  and  these 

H R o 


unfortunately  are  not  realized  in  practice  (Figure  21).  In  fact, 
the  opposite  is  true  and  this  is  the  second  cause  of  the  power 
increase. 

It  could  be  argued  that  different  propellers  more  suitably 

matched  to  the  particular  operating  conditions  would  improve  the 

relative  power  requirements  of  the  deep  tunnel  hull,  by  achieving  a 

higher  n than  the  propellers  actually  used  in  the  experiment, 
o 

(This  assumes  that  n xn  is  not  affected  by  changes  in  propeller 

H R 

pitch.)  However,  Figure  21  demonstrates  that  a sizeable  increase  in 

is  required  simply  to  bring  the  propulsiv'e  coefficient  back  to  i 

its  original  value  (i.e.,  the  parent  value)  before  beginning  to  | 

t 

1 

compensate  for  the  large  increase  in  appendaged  resistance.  To  j 

fully  compensate  for  both  effects  could  require  upwards  of  a 7i5% 
improvement  in  n , and  this  is  unlikely  to  be  achieved  in  practice. 

Further  experiments  with  various  propellers  of  the  same  diameter  but 
with  various  expanded  area  ratios  and  pitches  would  help  In  clarifying 
this  point.  Meanwhile,  it  can  be  accepted  that  the  penalty  in  shaft 
power  is  significant  when  100°,  and  to  a lesser  degree  65°.,  tunnels 
are  adapted. 

The  other  merit  factor  to  be  considered  is  navigational  draft. 

Here  the  comparisons  are  complicated  because  the  propellers  project 
below  the  baseline  in  some  cases.  Hence,  overall  draft  becomes  the 
criterion  rather  than  draft  of  the  baseline  (although  the  two  may 
coincide).  Nevertheless,  a comparison  of  baseline  drafts  serves  as 
a useful  starting  point  (Figure  22a).  The  values  for  the  100°, 

1 

tunnel  hull  are  for  the  .'i.2.‘>  inch  propellers  but  the  0.0  inch  S 
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propellers  would  give  similar  results.  It  is  noteworthy  that  the 
baseline  draft  increases  as  tunnel  depth  increases.  This  is  due  to 
the  loss  of  planing  area  and  buoyancy  aft  and  is  accompanied  by 
increased  trim  angles. 

A different  result  is  obtained  when  the  overall  draft, 
including  propeller  draft,  is  considered  (Figure  22b).  Here  the 
parent  hull  clearly  is  at  a disadvantage  while  the  65%  tunnel  hull, 
whose  propellers  do  not  project  below  the  baseline,  is  superior. 

The  40%  tunnels  offer  a fair  advantage  over  the  parent  but  the  100% 
tunnels  are  of  minimal  benefit.  This  is  clearly  due  to  the  loss  of 
buoyancy  and  planing  area  of  the  deep  tunnels  resulting  in  much 
deeper  running  draft  visavis  the  shallower  tunnels.  (The  estimated 
displacement  of  the  various  tunnels  is:  40%,  12  lb;  65%,  17  lb; 

100%,  M lb). 

In  view  of  the  small  improvement  in  draft  over  the  parent  hull 
and  the  very  large  increase  in  shaft  power  required,  it  could  be 
concluded  that  the  100%  tunnel  hull  is  inferior  to  shallower  tunnel 
hull  craft.  However,  this  conclusion  can  not  be  considered 
absolute,  for  two  reasons.  First,  all  the  hull -tunnel  forms  have 
been  compared  with  LCH  held  constant  and  it  has  been  shown,  at  least 
for  the  100  percent  tunnel,  that  other  LCG  positions  lead  to  more 
favourable  characteristics.  Second,  the  objective  in  utilizing  100 
percent  tunnels  was  primarily  to  achieve  increased  propller 
protection.  The  alternative,  the  use  of  waterjet  propulsion,  would 
also  involve  a signficant  performance  penalty  so  that  a more 
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meaningful  comparison  would  be  waterjets  versus  deep  tunnel 
propellers.  In  the  absence  of  waterjet  tests  on  the  same  hull,  the 
comparison  is  not  easily  made  but  the  propulsive  coefficients  greater 
than  0.6  which  were  recorded  for  the  propellers  in  deep  tunnels  are 
not  likely  to  be  matched  by  waterjets.  This  is  only  a preliminary 
judgement  , of  course , and  should  be  confirmed  by  waterjet  tests  in 
the  same  model. 

For  general  operations  the  40%  and  65%  tunnel  hulls  represent 
useful  compromises  of  draft  reduction  versus  required  shaft  power, 
with  the  choice  depending  on  the  relative  importance  attached  to 
draft,  propeller  protection  and  power  requirements.  The  65%  tunnel 
hull  offers  lower  draft  and  greater  propeller  protection,  at  the 
expense  of  greater  shaft  power. 

A factor  to  be  borne  in  mind  in  considering  the  operation  of 
planing  craft  in  shallow  water  is  the  suction  effect  between  the 
hull  and  the  bottom.  Investigation  of  this  phenomenon‘"  shows  that 
sinkage  and  resistance  can  be  greatly  increased  at  near-hump  speeds 
by  decreasing  the  water  depth,  but  at  high  speeds  the  resistance  can 
be  significantly  reduced.  These  effects  should  be  remembered  when 
applying  the  data  reported  here  to  actual  craft  designs.  The 
comparisons  made  here  should,  however,  remain  valid  in  determining 
the  relative  merits  of  the  various  hull  forms. 
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CONCLUSIONS 


The  relative  merits  of  seven  combinations  of  propellers,  LCG's 
and  trim  tabs  have  been  determined  using  baseline  draft  and  required 
shaft  power  as  criteria,  for  the  100%  tunnel  hull.  Zero-clearance 
propellers  are  slightly  superior  to  smaller-diameter  propellers. 

Trim  tabs  reduce  the  peak  draft,  which  occurs  at  about  F =1.3,  but 
require  greater  power  at  high  speed.  A forward  LCG  position  gives 
almost  the  same  peak  draft  without  as  great  a power  demand  at  higher 
speeds.  An  aft  LCG  position  produces  the  best  power  characteristic 
but  the  greatest  draft  at  hump. 

The  100  percent  tunnel  hull  has  been  compared  with  40%  and  65% 
tunnel  hulls  and  with  the  parent  hull  without  tunnels,  using  similar 
criteria.  Power  requirements  become  progressively  greater  as  tunnel 
depth  increases,  and  this  is  pri.marily  due  to  increased  hull 
resistance.  The  100%  tunnel  requires  about  40%  more  power  than  the 
parent  hull  at  F =4.0.  Changes  in  propeller  design  are  unlikely  to 
significantly  reduce  this  margin. 

Overall  draft  (including  propellers^  is  used  as  another 
criterion.  All  the  tunnel  hulls  are  superior  to  the  parent.  The 
100%  tunnel  is  inferior  to  shallower  tunnels  but  gives  greatest 
protection  to  the  propellers  and  permits  beaching.  The  40%  and  65% 
tunnels  both  offer  some  advantages  and  the  choice  depends  on  the 
tradeoffs  in  draft,  power  and  propeller  protection.  The  65%  tunnel 
hull  offers  lower  draft  and  greater  propeller  protection  but 
requires  more  power  than  the  40%  tunnel  hull. 
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APPENDIX  1 


Model  5048  with  100  Percent  Tunnels 
Summary  of  Test  Conditions 


Configuration  1 LCG  - 3.88  ft  (1 
Bare  Hull  Resistance 
Resistance  Test  (Appendages) 
Powering  Test  6.0"  Propeller 
Powering  Test  5.25"  Propeller 
Configuration  2 LCG  - 4.32  ft  (1 
Bare  Hull  Resistance 
Resistance  Test  (Appendages) 
Powering  Test  6.0"  Propeller 
Powering  Test  5.25"  Propeller 
Configuration  3 LCG  - 3.39  ft  (1, 
Bare  Hull  Resistance 
Resistance  Test  (Appendages) 
Powering  Test  6.0"  Propeller 
Powering  Test  5.25"  Propeller 
Configuration  4 LCG  - 39.8%  Lp 
Resistance  Test  (Appendages) 
Powering  Test  6.0"  Propeller 
Configuration  5 LCG  - 39.8%  Lp 
Resistance  Test  (Appendages) 
Powering  Test  6.0"  Propeller 


,18  m)  from  Station  10  ■ 39.8%  Lp 
Runs  341-355 
Runs  4-24 
Runs  26-65 
Runs  66-83 

32  m)  from  Station  10  « 44.8%  Lp 
Runs  356-377 
Runs  84-110 
Runs  132-150 
Runs  112-129 

03  m)  from  Station  10  « 34.8%  L 

P 

Runs  378-392 
Runs  151-166,  270-274 
Runs  168-181 
Runs  182-185,  254-269 
10*  Trim  Tabs 
Runs  289-305 
Runs  276-288 
5*  Trim  Tabs 
Runs  326-340 
Runs  306-321 


i _ _ 
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11.00 

■9.14 

i,n- 

o.co 

u.u9 

0.00 

0.00 

O.Ou 

-0.00 

.IV 

4.114 

101 

11,94 

99. ?t 

4,P« 

•.  J7 

0.9c 

C.OO 

U.i)u 

o.eo 

O.Ou 

-o.eo 

• l?4 

4.419 

10? 

14,79 

104. (-7 

4.44 

u.l? 

0.00 

o.on 

J.Ou 

9.00 

0.00 

-0.00 

.)!  ’ 

4.P91 

CONTIAURATION  T > log  PLA  CC**T  riiNNfL^  • (>.0  INC-  PwOPfLltPS 


■UM 

UCL 

09*G 

4r4V( 

TB|H 

5TH0T 

ST9.0 

-/OiuT  T 

PfH»TO 

■ PS 

Bf  4 

06  on 

fwv 

140 

4.00 

-.M 

0.4> 

3.39 

3.61 

w.*n 

4.01 

10.01 

4.  30 

.*41 

.593 

I’o 

7.11 

-1.37 

11.1^ 

4.21 

l«.7l 

19.14 

14,  M 

|9,?* 

?0.?« 

?0.90 

.51* 

.913 

171 

9.05 

-l.o? 

IT.O'* 

4,94 

?l.l? 

?;,/•- 

?1.*l 

IH  . M* 

?S.4U 

•1.90 

.51* 

1.311 

190 

l?.19 

-1.74 

|!.9-i 

7.31 

10. 1* 

1ft,  '4 

il  14 

>4. 14 

?9,wj 

Sl.?0 

.5*4 

1.4*3 

149 

14.94 

-.39 

11. 

f-.n 

11.7* 

I*.  -* 

34, 7 0 

* 1.  19 

13. O'* 

44,*0 

.554 

1 .969 

|7? 

17.04 

-4.07 

lO.*** 

4.04 

14,»fc 

44.  J? 

71 

*9.4* 

14.04 

59.40 

.51  1 

?.?49 

175 

19.?) 

-?.91 

10. ?o 

7.47 

IS. >4 

4.1.4? 

(•.A? 

44.41 

|1.  U 

M.?0 

,*A4 

?.*?7 

174 

19.09 

->.90 

9.51 

7.19 

34.7* 

4i.no 

|9.H7 

40.10 

)9,  1* 

41,10 

.45' 

?.4*9 

|71 

?1.30 

-?.05 

9,13 

7.24 

34. 11 

46, B9 

39.9? 

40,71 

*u.**« 

44.10 

.4*  1 

?.955 

|T9 

>>•01 

-.40 

■ •■? 

4.00 

36.11 

•0,  7? 

*0.>«4 

44,<>4 

*?.  »• 

69. ?0 

.4J9 

3.03* 

|T1 

?4.0? 

-.95 

■ ,1? 

6.27 

31.14 

S?,61 

•?.*? 

49. NO 

4S,?9 

73.40 

.395 

1.  10* 

|74 

?7,1? 

-.99 

1,«4 

5.71 

40.34 

4*.  n 

■»4 , 4 w 

4ft.  fO 

*n.n  1 

79.10 

.311 

1.431 

Ii| 

10.00 

-?.09 

7,44 

4.?0 

95.1? 

44, ->1 

»1.M 

14.10 

53.04 

64.40 

. 351 

4.001 

C0Mrt6tl*»TIt>^  T - 1/9  PfP  CTNT  TtiNNfLS  - S.?S  INC-  PROPfLlfOS 


17CL 

9««0 

n>lm 

ST9f>r 

SFbDO 

POBT? 

prMdo 

BPS 

Bf  S 

0BAP1 

f NV 

IB* 

1.B* 

-1.51 

9.41 

1.1? 

*.o? 

5,03 

3.(10 

5.01 

11.93 

*.00 

• **■ 

.511 

|95 

14.99 

I.*? 

U.OO 

4.61 

32.1? 

40.41 

31.49 

10.45 

*4.9? 

54. *0 

,510 

1.992 

192 

17,21 

-1.61 

10.91 

6.63 

39.14 

*6,43 

17. *4 

*4.19 

*1.17 

59.00 

.519 

?.?91 

191 

?4.15 

?.19 

9,11 

4.54 

31.35 

50,17 

1*.?3 

*9,4* 

4«.?0 

7?,  50 

.395 

1.?*1 

CONflOURiTIOW  1 - 100  CCnT  Tt«(N(fL^  - S.?A  iNf-  PBOPfUCAi 


RUN 

VCL 

A9*G 

•<r*vf 

f«l5 

sipni 

51  500 

POBTT 

POBTQ 

RPS 

Rf  5 

CM  an 

f NW 

299 

7,29 

.65 

1 1 .** 

*.un 

15.21 

1 7.05 

15.10 

17.15 

22.70 

20.60 

.5** 

.97! 

?6t 

9.50 

1?,?* 

4. 34 

?l  .■* 

?5,49 

?l  .94 

?5.00 

?7,?4 

32.10 

.56* 

1.132 

299 

19.92 

12.6* 

7.11 

?5.  19 

?a,  1* 

25.  11 

?9.|9 

10.05 

*2.60 

.692 

1.33* 

2*1 

1?.** 

U.IO 

7.7* 

?6.*a 

14,  <*9 

29.10 

1*.1* 

31.46 

51.50 

.575 

1 .656 

2*9 

1*.5* 

-1, 39 

1 1 .9? 

B.1? 

35.?? 

*3.62 

)*.*0 

*0.99 

37.20 

55.70 

.54* 

1.934 

297 

19.91 

.*9 

11.9? 

*.54 

3*.*0 

*1.07 

• »*.?• 

*0.40 

31, *6 

54,40 

.542 

1 .996 

2*2 

19.99 

.7* 

11. *1 

*.4* 

34.*? 

**.  76 

14.51 

*3.71 

*0.25 

59.50 

.5*1 

2.262 

26) 

19.92 

•2.19 

19.11 

1.** 

36.9? 

51  .46 

)9.?i 

(M.4* 

*3.91 

*3.70 

.*90 

2.652 

269 

>2.95 

B.P* 

7,01 

36. 9« 

52.15 

*9.00 

40.36 

• 7.1? 

69. *0 

.*20 

3.055 

26* 

29.99 

111 

a, 11 

*.*5 

*1  . l9 

51,49 

• ?.11 

51.60 

*9,64 

73.00 

.IV 

1.120 

267 

?7.*2 

-1.65 

7.9  1 

5,61 

*5.1? 

4*. 44 

*5.*1 

4*.  94 

51.20 

79.50 

.375 

1.650 

266 

29,97 

l.il 

1,5u 

5. *2 

*1.5* 

*0,45 

•9.?* 

*3.9? 

54.63 

•6.50 

.3V 

1.990 

269 

15.9* 

1.M 

*,9* 

*,74 

54.4* 

• T."* 

46.95 

16,4? 

49.51 

102.30 

.112 

9.665 
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Ml4r, 

•«f4V<r 

TB|m 

STclOT 

4T40Q 

*'00  Tl 

•OWTQ 

••s 

•cs 

0«*f  r 

r*»6 

^.11 

y,* 

i.tr 

'9.06 

>0.00 

>0.90 

•0.90 

•9.00 

>0.09 

.Ml 

.971 

T.f« 

|4.*3 

4.41 

1.47 

'9.99 

•0.00 

'0.90 

>9.99 

•9.06 

-9.00 

.494 

.471 

i.'T 

?A.«3 

4.44 

1.40 

'9.99 

>0.90 

-9,99 

•9.99 

•9.9u 

•9.99 

.444 

1.114 

9^9 

34,^6 

3.44 

'9.99 

>6.00 

>9.90 

•9.09 

>0.06 

>9.06 

.474 

1.311 

l?.0« 

4#,*2 

4,41 

3.44 

•tt.OO 

-9.90 

•9.06 

>9.09 

.497 

1.949 

U9 

n.*i 

44. ft 

4,43 

3.»l 

'9,99 

•0.00 

>0.99 

•9.00 

•0.00 

-0.00 

.444 

1.0  34 

?•• 

14.4Q 

44. ?3 

*,9f 

3.42 

'9.94 

>C.V9 

-0.96 

•0.00 

•0.66 

>0.00 

.424 

1.479 

?^4 

14.44 

44.*l« 

4.44 

3.44 

'9.99 

• 0,00 

>9.90 

>0.00 

•0.00 

-0.90 

.424 

1.491 

44.<»« 

• .91 

4.«4 

'9.99 

•0.00 

-9.90 

>0.09 

>0.00 

-0.00 

.424 

2.249 

I4.T5 

44.93 

4.T4 

4.21 

'9.90 

•O.UO 

-0.90 

•0.00 

-0.06 

>0.00 

.414 

2.924 

9*7 

?e,3w 

4,34 

4.17 

'9  90 

•U.09 

-0.90 

•0.00 

-0.00 

>0.90 

.347 

2.924 

)«4 

?I.4A 

tt.4t 

•.33 

4.44 

•9.00 

•U.OO 

>0.90 

•0.00 

•0.00 

>0.90 

.344 

2.490 

m 

?3.03 

T4.43 

7.44 

3«43 

•0.00 

>9.90 

>9.99 

-0.06 

>0.90 

.374 

3.999 

’4.M 

• 1.34 

7.44 

3.71 

'9.99 

•0,00 

-0.90 

•0.09 

-9.00 

>0.09 

.394 

3.279 

30S 

Mt.4l 

4.47 

1.24 

• 0.00 

>0.00 

• 0.09 

-0.06 

>0.00 

.331 

4.014 

34,43 

134. k3 

4.44 

3«4A 

'9.00 

•0.00 

>0.60 

-0.90 

-9.00 

>0.00 

.324 

4.919 
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STrtOT 
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HOMT  I 

DUUTO 

•P$ 

»fS 
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f NV 

279 

4.19 

>.93 

7,60 

1.29 

4.46 

0.06 

4.44 

4.60 

10.10 

4.30 

.394 

.949 

270 

4.76 

-•  «4 

4.24 

1.99 

4.70 

1C. 90 

10.32 

(2. 20 

19. ?S 

14.70 

.34? 

.400 

204 

0.14 

'1.30 

4.69 

2.»4 

19.70 

19,04 

17.04 

>0.64 

21.14 

29.00 

.494 

1.004 

274 

4.49 

..•i3 

lO.I** 

3.70 

29. >4 

<1.H3 

>9.00 

24.00 

34.30 

.404 

1.310 

242 

12.91 

3,40 

4.40 

4.94 

24.46 

36. «4 

29.77 

32.06 

27.44 

42.90 

.470 

1.699 

277 

14.4* 

l.|4 

4.70 

4.17 

24,77 

39.  **4 

32.94 

34.36 

31  .62 

49.60 

.491 

1.404 

?«9 

17.10 

.72 

4,34 

4.42 

33.44 

42.73 

J7.?4 

46.26 

39.06 

96.60 

.466 

2.207 

2*1 

14.39 

-l,;4 

4.01 

4.97 

37.70 

40.  >0 

42.17 

93.97 

30.36 

93.90 

.426 

2.901 

209 

21. >2 

.94 

4,4: 

-.94 

39.9* 

44,77 

43. S4 

94.70 

40. 9J 

69.30 

.4|6 

2.029 

203 

>3,03 

1.37 

*.2» 

4.97 

40.94 

99, ■♦0 

46.32 

60.14 

4?. 94 

79.20 

.343 

3.066 

209 

>4.4| 

.>3 

4.2. 

4.41 

44.4  1 

62, >> 

3l.>6 

66.99 

49.71 

91.70 

.340 

3.303 

207 

>7,?4 

l.*l 

7, mm 

4,>| 

<.4. 

9:j,  J2 

■>6. At 

73.44 

49.2b 

92.00 

.374 

3.920 
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5 - KO 
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•UN 

Vfl 
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tOlM 

93*'<33 

e.14  i<l 

ovi»3  0 

»P9 

»f  s 

(1469  T 

7nV 

329 

4.07 

3,»*2 

7,76 

1.20 

>0.00 

-W.v-O 

-0.00 

•0.00 

-O.OW 

-0,00 

.364 

.94? 

127 

7. >2 

14.96 

6,07 

1.77 

-0.00 

•O.CO 

•O.Cv 

-0.00 

•0.00 

'0.00 

.*07 

.461 

3>i 

0.03 

>7,  3 

4,6V 

2.42 

-o.oe 

• ,.v0 

•0.3. 

-c.oc 

-O.Ou 

•0.00 

.460 

1.136 

1>4 

4.03 

36,41 

13.21 

3,77 

-0,00 

-«.J0 

•0,0« 

-0.00 

-0.00 

•0.00 

.496 

1 . 304 

330 

10.40 

3*,44 

4,6« 

3.06 

-o.,o 

-0,-0 

•C.G^i 

-w.OO 
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-0.00 
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1.496 

330 

l>,»4 
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4,76 
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-0.(0 

-d,»0 

• 0 . 0 V 

-6.ee 

•0.00 

-0.00 

.464 
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331 

14.10 

99.23 

4,4« 

,,16 

•o.co 

•J.0«^ 

-0.00 

-0.00 
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.444 

2.010 
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•0*72 

4,32 

,,90 
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-w.»0 

•O.Oi 
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.44't 
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6,72 
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-0.00 

.*|4 
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6,73 
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•u.<<o 
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0,34 
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•O.CO 
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.344 

3.091 

339 
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4.M 
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•o.co 

•O.Ov 
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-O.Ov 
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.374 

3.331 
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7.40 
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•9.00 
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-0.00 

-0.00 

.394 

3.649 

334 
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43,90 

7.24 

3.04 

*0.(0 

>0 
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.344 
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340 
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29.40 

.464 
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24,16 

21.40 
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1.307 
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10.29 

3.60 
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24.46 
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1.17 
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24.69 
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4,02 
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34,43 

31.62 

34,69 

32.91 
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.•74 

1.447 
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17.19 

->.64 
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9.4* 

19.11 

*2.46 

17,76 

46.07 

39,4** 

97.20 

.497 
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312 

14.49 

.64 

4.72 
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34, 7S 

40.22 
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310 
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• 2.61 

4,. 94 
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CONTlCioAATION  1 • Ite  Pro  CCNT  TUNMnS  - 9•^9  INCM  ^l»0»Cl.LEI»S 


MODEL 

LEMTm  • 

O.OOO.ET 

MODEL  retted 

SURFACE 

• 10 

9?0  SO  E7 

MODEL 

displacement  • 

341.  LOS 

LINEAR 

RATIO 

• 1.04 

NLI-MODEL  IF*S)  • 

1.02100 

NU' 

Ship  (p.S 

» • 1.02100 

rmo-mooel  • 1 

9607 

•MO'SMtP  • 1 

9607 

MODEL 

PROPELLER  OtAt^TER 

• s.pse 

IN  COHRrtATIDN 

ALLOWANCE 

•0.00000 

ITTC 

FRICTION 

USED 

VMIERS 

EMP 

SHR 

MPH 

JA 

OT 

JT 

l-RT 

FO 

JO 

1*»0 

l-T 

EP 

Em 

ERR 

0.?T 

• OM 

• 3S3 

• 11? 

0'*6. 1 

• OAlP 

• 370S 

• 004 

• 950 

•10004 

.Al4 

.730 

.71? 

.505 

.745 

.000 

0.9R 

• J99 

• 4*1? 

.40) 

JIOJ.? 

.•?47 

• 3700 

.793 

.94? 

•00054 

.73? 

• 000 

.776 

.574 

•007 

.034 

i.99 

.400 

.417 

I.IOS 

IS17.? 

• 7S30 

.3910 

.7S9 

1.000 

• 0RI51 

.701 

.031 

•010 

.552 

• 004 

.030 

R.Rl 

.07? 

.417 

1.013 

1764.5 

• 70?S 

.307? 

.770 

1.010 

.00034 

• 734 

• 96? 

.704 

.559 

.776 

• 061 

)?.00 

I.OIS 

• 404 

?.097 

1904.0 

• 0009 

• 347? 

• 05? 

.909 

•00067 

• 015 

.947 

• 021 

•609 

• 030 

.057 

1.947 

.5S0 

3.S43 

?47A.e 

I.0I6S 

• ?636 

.904 

.960 

•06997 

.930 

• 915 

.030 

.003 

• 066 

.030 

10.45 

1.9R9 

•SI? 

3.4?4 

?s  i?.o 

• 9991 

• ?934 

• 963 

.964 

•07007 

• 9?1 

•oai 

• 170 

.07? 

.007 

.045 

19.R? 

?.??3 

.SOS 

3.93S 

?oo?.i 

1.04N6 

• ?719 

.000 

• 965 

.06719 

.961 

.019 

.040 

•60S 

.070 

.035 

2I.31 

?.s?? 

.S37 

4.09S 

?7SS.S 

1.0O06 

.2059 

.0?1 

.963 

•0675? 

.957 

.902 

.000 

.701 

• 039 

•013 

??.RO 

?.044 

.S03 

4.9|? 

?0O0.9 

1.09SO 

.2494 

.050 

.964 

.06310 

1.005 

.917 

.046 

.717 

.070 

•0?4 

?9.9l 

3,347 

.017 

S.4?l 

?99A.O 

1.139? 

.2326 

.09? 

.950 

.06040 

1.034 

.907 

.005 

.»33 

.♦?4 

.01? 

2T.3R 

4.007 

.011 

O.SAl 

3?H.o 

I.IOOS 

• 2?17 

.115 

.961 

•050?6 

1.050 

• Oil 

.069 

.74? 

.005 

.010 

?9.«R 

4.700 

.AST 

7.190 

3394.0 

1.1990 

.2069 

.146 

.956 

.05535 

1.009 

.909 

• 015 

.754 

.957 

.005 

C0NrKiUH4l!0N  2 - too  CENT  TUNNELS  - 5.?5  INCH  PROPELLERS 


MODEL  LENGTH  • O,Of0  ET 
NU*M00EL  CE*S)  • .94000 
MODEL  PMOPELLF#  0!»MrTfP 


HOiifl  wETTtn  SUHE4CC  • 10.920  so  ET 

NU*SmIP  (r*SI  • .90600 

IN  C0HRri«TlON  ALLOWANCE  •0.00000 


MODEL  OISPlACCMCNT  • 
RhO'HODEL  • 1.9001 
ITTC  ERtCTION  USED 


LINEOR  ratio  • 1.000 

RMO-SRIP  • 1.900? 


vwtrpsi 

fHP 

f t«R/SMM 

Shp 

.rPM 

JA 

KT 

jT 

1-«T 

RQ 

jo 

I'M 

I'T 

fP 

EM 

ERR 

4.05 

.079 

.473 

• ' 4r 

7^?.l 

. 73H5 

.1560 

1 .256 

1.701 

.04000 

1.169 

1.5R3 

1.106 

.70? 

.651 

.631 

7.|0 

•?oo 

.4T7 

.••3M 

11-0.5 

.0565 

.3725 

.000 

.932 

.06706 

.747 

.670 

• 116 

.570 

.076 

.64? 

6.33 

.473 

.4«2 

.'■Oj 

1413.3 

.*003 

.3913 

.762 

.94? 

.09161 

.700 

.666 

• 695 

• 559 

• 909 

.935 

0.05 

.70? 

.401 

1 .«5<* 

1719.4 

.7934 

• 3710 

.603 

1.01? 

.06632 

.755 

.951 

.607 

.500 

.076 

.94? 

1?.40 

1.113 

.573 

1.943 

19»5.3 

• oosi 

.3*71 

.052 

.96? 

.06667 

.015 

.921 

.905 

.609 

• 90? 

.957 

14.00 

1.519 

.575 

7.475 

2l*'0.4 

.936* 

.3214 

.905 

.964 

•07660 

• 056 

.91? 

.920 

• 600 

.955 

.901 

I7.0O 

1.011 

,507 

l.>53 

2174.1 

.9077 

• 3025 

.944 

.957 

.07316 

.096 

.907 

.900 

.66? 

• 905 

.939 

17.77 

7.035 

.594 

3.‘.?'» 

2427.7 

1.00-39 

.2927 

.965 

.959 

.07255 

.90? 

.097 

• 919 

.673 

.959 

.921 

10.40 

7.154 

.004 

3,h47 

24n4.0 

K0230 

• 2670 

.977 

.955 

.07150 

.910 

.693 

.620 

.679 

.960 

.919 

10.95 

7.440 

,021 

3.9»“ 

24^9.7 

1.0524 

.2691 

1 .014 

.964 

.06727 

.960 

.91? 

.930 

.690 

.965 

.925 

?1.14 

7.601 

.029 

4.24  7 

2b'^0.7 

1,0777 

.2593 

1 .035 

• 960 

.06595 

.974 

■ 900 

.93? 

.700 

.971 

.915 

?1.50 

7.764 

.017 

4.417 

27  J7.0 

1.0773 

• 2633 

1.027 

.953 

•066?9 

.970 

.901 

.099 

• TOO 

.903 

.92? 

??.9? 

3.075 

.671 

4.'<4v 

2H42.0 

1.1010 

• 2*04 

1.057 

.960 

.06403 

.995 

.903 

.910 

.710 

.65? 

.911 

74.93 

1.505 

.043 

4.S73 

1617.9 

I.P29 

• 2331 

1 .090 

.963 

•06101 

i.e?6 

.907 

• 930 

.73? 

.970 

.906 

77.39 

4,203 

.433 

4,777 

32-0.2 

I.)S93 

.2257 

1.106 

.954 

.05995 

t.039 

.697 

.61? 

.739 

.955 

.097 

30.0? 

5.106 

• 630 

0.114 

3471,5 

1,1049 

.2144 

1.131 

.953 

.05636 

1.057 

.691 

• 6?1 

.700 

• 966 

.000 

CONE  KminaTION  2 - 100  f»E«  CENT  TuNt^lS  - 6.0  INCH  PROPELLERS 


MODEL 

LENGTH  • O.40C  fj 

MODEL  RFTtEO 

surface 

• 10 

920  SO  FT 

MODEL 

oisrlace*cnt  ■ 

341.  L05 

LtNE4« 

RATIO 

• 1.00 

NU-MOOFL  IF*5»  ■ ,90050 

NU 

Ship  (f»5)  .90400 

RhO-moOEL  ■ 1 

960? 

RM0~S«1P  ■ 1 

960? 

MODEL 

PROOriLfR  niAMCTER 

« O.OCl 

IN  rONRPlATIDN 

ALLOWANCE 

•0.00000 

ITTC 

FRICTION 

USED 

vMtrpsi 

EHP  E^P/5MP 

Shp 

PPM 

JA 

Ht 

JT 

I'WT 

RO 

JO 

1-RO 

1*T 

ER 

CM 

ERR 

0.05 

.079  .050 

.044 

4N0.3 

.6911 

.2520 

.707 

.T90 

.05710 

.713 

.719 

• 946 

.917 

• 161 

• •66 

T.27 

,?o9  .559 

.-•4.> 

10*3.0 

.0360 

.2943 

.700 

.637 

• 060OO 

.071 

.603 

• •63 

•540 

.630 

.66? 

0,5? 

.055  ,57r 

.704 

l?63.9 

.6069 

.2905 

.700 

.865 

.06021 

.070 

.630 

.560 

.661 

• 666 

6.95 

,70?  .576 

l.7|0 

1000.1 

,0020 

.2610 

.706 

.079 

• 05703 

.710 

.690 

.••? 

• 566 

.003 

1.61? 

12.19 

1,040  ,445 

1.6?- 

1071. 0 

.0754 

.2661 

.756 

.066 

.05373 

.755 

.•63 

.649 

.600 

.096 

• 696 

13.03 

I,?7?  .070 

1.074 

1765,0 

.9131 

• 2501 

• 763 

.056 

.05266 

.769 

.66? 

.967 

.610 

• 120 

.979 

10.91 

I.5?6  .061 

?.:»€♦* 

1916.1 

,9337 

• 201? 

• 60S 

.663 

.05065 

.790 

.•51 

.626 

.6?7 

.070 

• 6«? 

15.91 

I.TOO  .650 

?.«?? 

2o;»o.6 

.9906 

.2370 

.616 

.661 

•00996 

.003 

.•44 

• 9«5 

.634 

.051 

.975 

1T,?9 

1,95?  .0r6 

*,«.TS 

213R.0 

,97ai 

.2255 

.602 

• 666 

.00725 

.036 

*••• 

■ ••• 

.646 

.026 

.691 

10. 00 

2.171  .04? 

3.3?7 

??33.7 

•96R0 

• 2171 

.660 

.066 

• 00607 

.051 

.•57 

••76 

.654 

.•1? 

.9R5 

16.9? 

?.44|  ,657 

3.7|0 

2307.5 

1.0163 

.2010 

.69? 

.076 

.00035 

.073 

.•57 

.69? 

.669 

.016 

.964 

?1.?5 

2.TOO  .673 

4.T?4 

2O95.0 

1.R620 

• 1921 

.912 

.67* 

.00206 

.696 

.059 

.•97 

,677 

.026 

• 979 

??.63 

3.01?  .707 

o.>50 

25*7.9 

1 .0650 

.1793 

.936 

.061 

.03974 

.930 

.•7? 

• t?o 

.666 

.049 

• 96? 

?O.40 

1.056  .60? 

5,;o- 

2712.0 

1.0794 

.171* 

.945 

.005 

• 039?? 

,936 

.••7 

• 90« 

.691 

.0?7 

.961 

?7.31 

0.205  .710 

0.  70* 

29*1.3 

1.1102 

.1543 

,909 

.606 

.0300? 

.970 

.071 

.900 

.700 

.059 

.959 

?7.95 

0,47?  ,070 

0.494 

3012.0 

1.1135 

• 1509 

.901 

.0«1 

.037?6 

,960 

.06? 

.#97 

.690 

.01» 

.954 

?9.S0 

5.093  .605 

7.-3w 

ltfl.6 

l.l?70 

.1529 

.99* 

.602 

• 03593 

• 976 

.066 

• I9S 

.701 

• 010 

.666 

‘‘ONE IMI4ATION  3 

* 100  RFN 

CENT  Tunnels  - 

6.0  INCH 

PROPfLLERS 

model  length  • O,*#*)  *T 
NU-MODEL  • .Oxono 
model  propeller  diameter 


MOL'El  PETTfO  SiR^ACE  - l*.9?0  SO  ft  MODEL  DISPLACEMENT  • 

MI*Sm|P  lr«S>  • .9A#>oO  Rho^mooCL  ■ 1.900? 

.OJv  IN  CU»*»rLATlDN  ALLDRANCF  *0.00000  ITTC  ERITTIDN  USED 


HI.  LRS  LINEAR  RATIO  • I.Ofr 
RMO'SMIP  m 1.900? 


VMirRSi 

FHP 

f mP/Smo 

S**P 

9PM 

JA 

RT 

JT 

l-WT 

RQ 

lO 

I'RO 

l-T 

fP 

EM 

ERR 

4.9i 

• 63? 

.*  n 

. . 

509,  T 

,04v* 

.2*44 

.714 

,0  30 

.06150 

.457 

.765 

.«•• 

.575 

.•15 

.920 

T.3I 

,?7i 

.0*5 

.4N.. 

ll-O.O 

. 74'»a 

. *019 

.607 

.909 

.04903 

.009 

.91? 

.757 

.556 

.•10 

l•••3 

6.05 

,749 

.573 

1 . ‘f* 

|R»*.I 

,7Rrf7 

,2909 

. 707 

.904 

.04007 

.701 

.890 

• 6?1 

.566 

l.OU 

• 991 

l?.34 

1.109 

.57* 

1 ,*0  7 

1»  — .1 

.27  33 

.744 

.603 

.05400 

.72? 

.057 

• 191 

.561 

l.0»9 

.999 

14,64 

1.53? 

,4AW 

|9>-  ,0 

.90SO 

.2071 

.79? 

.o«i 

.05141 

.70? 

.•60 

.•50 

.62? 

.97* 

• 97« 

1T.»4 

1 .047 

.010 

?,na7 

21  -'1 . 1 

,94  ..a 

.224* 

.*42 

.673 

.00030 

.021 

.•54 

«••? 

.606 

.9«7 

• 970 

1R.23 

2,029 

.077 

?,*97 

271-.0 

,9R*I 

.21*0 

.*44 

,077 

.00202 

.*94 

.9«5 

.•57 

.657 

.97i 

1.05) 

16.09 

2,jeo 

.0^* 

3,*.  »* 

2JA2.9 

1.02.4 

. 1905 

.907 

.0*0 

,00|93 

.903 

.••0 

.••6 

.075 

.66» 

• 99? 

?l.36 

2,500 

.T-’o 

3,4  3' 

2929.0 

1.0523 

. 1402 

.937 

.090 

.03915 

.937 

.••• 

.610 

.066 

1 .026 

l.OOt 

22.61 

?.07i 

,479 

0.^7' 

?4'*P,4 

I.C490 

.1714 

.944 

.*93 

.03004 

.940 

.050 

.605 

.661 

l.tl) 

.969 

?4.0? 

l.si? 

,4«? 

0.70. 

2710.0 

1.09*9 

.1571 

.904 

.094 

.01713 

.902 

.075 

• 6)5 

.699 

l.to? 

• 909 

?T,3E 

1.639 

,4P4 

5.UI 

29' 3,4 

I.I2IO 

. I47R 

1.404 

.094 

.01506 

.90? 

.076 

.6?? 

.70) 

l.tl* 

• 90« 

36. #A 

0,733 

7. 

3l-*9.? 

1 . 1 3*» 

. 1 104 

1 .020 

.900 

.03005 

.999 

• 070 

.615 

.705 

l.«tT 

.600 

Appendix  3 - Propulsive  Characteristics  for  100  Per  Cent  Tunnel 
Hull 
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3 - 10*  CENT  TUNmtlS  - IHCh  PffO^CttCM 


MOOCL 

LCNOTM  • 

O.OM 

mOOCl  MCTrfO 

t SuBAACe 

a iO, 

,400  *«  77 

HOOCL 

0|tM.ACr*<NT  • 

341.  L95 

L INf A» 

BA7I0 

■ l.Ol 

nu-hootl  ie*«»  « 

• i.mot 

SHIP  <r*9l  • 1.00400 

bho-««oocl  ■ 1. 

.9600 

•HO'SMIP  ■ 1. 

.4600 

MOOCL 

MOmtCM  OIaXTc* 

- 9.C9t 

|M  COMMfLATlnN 

ALtnvANcr 

■0.00000 

ITTC 

rOICTIOM 

U9C0 

VM(rMS) 

CHM 

CmO/ShM 

SMB 

BBM 

JA 

KT 

JT 

l-BT 

RO 

JO 

l-T 

fP 

EH 

EM 

aCU 

• 99« 

.779 

1377.0 

.7094 

.4133 

.7|0 

.409 

.00901 

.709 

• 440 

•064 

.909 

.670 

1.000 

••90 

.3«l 

|.?T0 

1400.3 

.7144 

.4090 

.733 

1.014 

.00970 

.719 

1*000 

.799 

.939 

• 791 

• 666 

IC.IC 

•m 

.4T9 

l.ftSS 

1744.0 

.7440 

.3077 

• 769 

1.006 

.00479 

.770 

1.009 

• 090 

.990 

.047 

1.063 

lt»*G 

lalM 

•9U 

C.E9G 

oou.i 

.04  7$ 

.3994 

.039 

.406 

.00307 

.709 

•930 

• 044 

.944 

.400 

.644 

U.9* 

la*T3 

•9M 

3.TBG 

0141.0 

.4044 

.3431 

.060 

.949 

.07960 

.006 

.400 

.046 

.614 

.049 

• 460 

19.0I 

1.9M9 

•9U 

3.W 

0090. A 

.411) 

.3417 

.063 

.447 

>07013 

.04? 

.404 

• 013 

.616 

.094 

• 479 

U.9M 

laOM 

3.W 

0403.4 

.4413 

.i|40 

.919 

.499 

,07439 

.00) 

.410 

.009 

.640 

.043 

.496 

I9a«t 

f.MT 

•9tf 

4.0)7 

0419.3 

1 .0440 

.077? 

.947 

.969 

.06704 

.994 

• 413 

.041 

,604 

.Oil 

.641 

C».«9 

c.m 

•033 

4.974 

0004.3 

1.1144 

.0469 

1.061 

.99? 

.06109 

1.007 

.400 

.060 

,700 

.9»7 

• 444 

H.M 

9»JH 

•03t 

s.w» 

0494.0 

1.1444 

.0334 

I.0B9 

.991 

,09963 

l.o**) 

.411 

.001 

.730 

.406 

.909 

3.909 

•OM 

G.II4 

7177,1 

1.1034 

• 0000 

1.110 

.94S 

,09736 

1 .044 

.400 

.046 

.743 

.440 

.914 

*.T|3 

•0*T 

T.74) 

3414.9 

1.7000 

.0100 

t.uo 

.949 

.09476 

1 .©96 

.910 

.000 

.791 

.4)0 

.406 

39.0* 

G.9I? 

10.394 

3094.4 

1.030? 

.1970 

1.167 

.447 

,09?49 

I.IOI 

.909 

.094 

.761 

.400 

.416 

COMCKxlBAriON  T - 

190  PfH 

rf-»J  HiNHfLS  - 

S.?9  INCH 

PBOPfLLf BS 

MODEL 

length  • 

6.600  r) 

HOt'fl  ■FiTtO  S'<H*ACt 

a 10, 

,4?0 

SO  FT 

HOOFl 

OlSPtACfHfNT  a 

)AJ.  LOS 

ltneab 

OAtIO 

• 1 .0) 

NO-MOOCL  <E*9»  • 

.90600 

NU“SwIP  »»♦ 

S)  s .VOAOO 

BHO-HOOCL  a 1 

.460? 

BMO-9HIP  a 1, 

.4600 

MODEL 

PMOPfLLFO  OIAHETEB 

• 9.090 

IN  fO-BnAtlON 

ALL<^aANCf 

•0.00000 

ITTC 

f B 1 r T 1 ON 

OSID 

EMP 

PhB/Smp 

SMP 

■•PM  JA 

a 1 

J7 

1 

l-«T 

• 0 

JQ 

l-MO 

UT 

fP 

CN 

fBP 

3.04 

• 0?0 

.9i0 

.096 

4CA•^  .d7U 

.f’BS? 

.'#6© 

1. 

.US 

.07S*S 

.■47 

.444 

.443 

.4*1 

.094 

.061 

(4.04 

1.907 

.44© 

l.aAO 

07^a.<*  .7SJA 

..'?a4 

) .104 

1 

.a70 

.os?so 

i.uo 

l.«66 

.0S7 

.7)4 

.SO) 

1.000 

17.03 

l.OT) 

.9)0 

T.aos 

OA?'#.? 

.'#A? 

,4A<# 

.07)14 

.■<#4 

.401 

.037 

.441 

.664 

.4*1 

04.39 

).091. 

.67* 

4. 79v 

ONIA.9 

.^?aS 

1.104 

.09773 

1 .ftAA 

.400 

.♦SO 

.7*0 

.40? 

.400 

ft^IMH^ATlON  4.  > 100  Hrw 

Ct^T  TUNNFLS  - 

6.0 

INCH 

PBOPfLLFBS  10  ' 

Off,  TOIH 

TAOS 

*»00fL  length  a A.M(*  **T  HOI’El  HflTtO  So-#*  *('f  < l«,Q?0  SU  *T  MOOfl  n:soL*ffHCNT 

NO»HOOfL  <f*S»  • UGEAOO  HU-Sm1P  «r*SI  » l.0^f>G0  PmO-hOOCL  » l,9#>^0 

HfK)CL  PNOPTLir*  of«««Tre  • -.CGv  IH  co*>»rLATjoN  *u.nw**#rr  »o«oo9oo  nic  ustn 


T#>1.  IBS  lINC*B  BAttO  ■ 1.000 

OMO'SHtP  a K9S?0 


VHtfPSl 

EMP 

PMP/ShP 

SmP 

APH 

JA 

• T 

JT 

1-«T 

• 0 

lU 

1 -«0 

l-T 

FP 

fH 

FOB 

4.10 

.0)0 

• *1A 

.^77 

SnT.l 

• 0360 

• i)7* 

.61? 

.7  11 

.0SA9* 

.690 

.40* 

.9*) 

.909 

.70) 

1.109 

6.76 

• I4| 

.930 

• )*1 

44  7.0 

• 0)49 

.J074 

.67) 

."00 

.OS016 

.700 

.A)* 

.790 

.907 

.9)9 

1.037 

0.10 

.304 

.91? 

.7*4 

I0a7.| 

.70/1 

• JO*#* 

.649 

."SO 

.0S9SS 

.4AI 

.64  7 

.767 

.94* 

.9?9 

1.016 

4.40 

.617 

,990 

l.l?) 

14**.* 

• 0009 

.^9S7 

.6<#7 

,M-A 

.097*7 

.709 

.04? 

.616 

.940 

.94? 

1.016 

10.91 

.467 

.9)1 

1.“?? 

17.J.1 

,07*? 

.^7** 

.7*1 

.0SS*7 

.7)* 

.0)9 

.771 

.990 

.909 

.969 

14.44 

1.347 

.970 

?.)43 

I9I0.S 

.9)6* 

.?S7> 

.777 

,*?• 

.os??s 

.77* 

.AOS 

.776 

.41  1 

.9)7 

,996 

17.10 

1.740 

,9H4 

).v  1? 

0110.0 

.9741 

.<37* 

.H|0 

.6  1" 

.0*9)7 

.MO 

.0)0 

.769 

.4)3 

.9)7 

.960 

|9.)4 

>.0)4 

.614 

).#  34 

0?**.) 

1 ,014* 

.<l  #? 

.4SS 

.s-l 
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10*  Trim  Tabs 


Figure  3 - Stern  Views  Showing  Trim  Tabs,  6 Inch  Propellers 
and  Appendages 
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Figure  16  - Summary  of  Propulsive  Characteristics  for  100 
Per  Cent  Tunnel  Hull  with  5.25  Inch  Propellers 
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Figure  20  - Percentage  Increase  In  Resistance  Coefficient 
Over  Parent  Hull  for  Three  Tunnel  Depths 
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ADDENDUM 


CORRECTIONS  AND  ADDITIONS  TO  "AN  EXPERIMENTAL  STUDY  OF  A HIGH- 
PERFORMANCE  TUNNEL  HULL  CRAFT"  BY  K.  HARBAUGH  AND  D.L.  BLOUNT, 

SNAME,  APRIL  1973. 

Since  the  above  paper  was  published,  errors  have  been  discovered 

in  Figures  10  and  16  of  that  report.  At  the  request  of  the  authors, 

corrected  versions  of  these  figures  are  presented  here.  Additional 

data  for  the  100%  tunnel  hull  are  included  for  completeness. 

The  original  Figure  10  was  intended  to  illustrate  the  variation 

in  n.  with  F . This  factor  allows  for  the  conversion  of  bare 
A n^ 

parent  hull  resistance  data  to  resistance  of  the  appendaged  tunnel 

hull.  In  fact,  the  curves  given  in  the  orginal  Figure  10  represent 

n , the  ratio  of  bare  to  appendaged  hull  resistance  for  the  same 
B 

hull  form.  The  relationship  can  be  expressed  as 

^ "t'bp 

'a 

*^Tbp  ^ *^Tbx 
•^t-bx  RTax 

' Vb 

Obviously,  then  the  curves  are  in  error  by  a factor  n^,  whose 

magnitude  can  be  significant.  Figure  7 of  Reference  1 presents 

curves  of  f— ^ 1)  x 100  and  ^ 11  x 100.  These  have  been 

reworked  and  supplemented  with  100%  tunnel  results  and  are  given  in 

Figure  Al,  as  curves  of  n_  and  vs  F . This  figure  illustrates 

C D n^ 

the  magnitude  of  the  error  in  the  original  curves  of  n..  The  error 

A 

was  carried  through  into  the  determination  of  the  efficiency  factor 
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r ^ ■)  depicted  as  Figure  16  of  Reference  1 and  accounts  for  the 

more  optimistic  conclusions  of  Reference  1 compared  to  the  current 
report  as  to  the  merits  of  the  various  tunnel  hull  forms. 

Corrected  Figures  10  and  16  for  Reference  1 are  appended  as 
Figures  A2and  A3,  with  additional  data  for  the  100%  tunnel  hull. 
These  figures  can  be  used  with  the  preliminary  design  method 
outlined  in  Reference  1 to  obtain  speed-power  estimates  based  on 
parent  hull  speed-bare  hull  resistance  relationships. 
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